Domestic access to pipe-borne water is necessary for the general well-being of residents of every community. This research investigated domestic access to the service, the relationship between socio-economic attributes and pipe-borne water characteristics as well as the contribution of four dimensions of access (availability, geographic, financial and acceptability). A total of 614 questionnaires were administered to residents of Calabar Metropolis using the systematic point sampling technique. Data were analyzed using descriptive statistics and spatial techniques. Interpolated maps were used to show variations in pipe-borne water connection, use and expenditure. Results revealed no significant relationship between the number of persons in households sampled and average volume of water used daily by respondents (P = 0.144 > 0.05). There is also no significant relationship between average volume of water used daily and the income of respondents (p = 0.03 < 0.05). Furthermore, the average monthly expenditure on pipe-borne water by respondents in the Metropolis do not significantly relate with income (p = 0.0 < 0.05). The multi-nomial logistic regression analyses revealed that a combined effect of the model of availability, geographic, financial and acceptability significantly contributes to measuring access to pipe-borne water in the Metropolis, χ 2 (30) = 93.455, p < 0.001, with availability (p = 0.031 < 0.05) and financial (p = 0.001 < 0.05) dimensions faring better. It was recommended that Cross River State Water Board Limited should not only increase the volume of water supplied to residents but also ensure that more households are connected to the service. The frequency of water supply has to be up-surged as well, with the Board distributing the water in a systematic manner, and with consideration to existing spatial variations and measures of access which have proven to be fundamental to guarantee access to water.
Introduction
Domestic access to pipe-borne water is necessary for the general well-being of man. Water plays a critical role in all facets of life including the natural environment, global economies, food security, manufacturing and politics. The insufficiency in the availability of water for man's calls for concern as it is a serious and threatening phenomenon. Access to portable water is measured by the proportion of population with access to an adequate amount of safe water located within or at a convenient distance from the user's dwelling [1] . Water is said to be accessible when an individual is availed a volume of at least 50 litres per day [2] , at a convenient distance of at least 200 meters to acquire the water where it is not present within residence (UNPD, 2000) . In the same vein, the [3] report defined access to safe water as the availability of potable water of at least 30 litres per person per day, located within or at 250 -500 meters of every household.
Also, according to the [4] , expenditure on water services should not exceed 5 percent of a household's income, meaning services must not affect peoples' capacity to acquire other essential goods and services, including food, housing, health services and education. Access to pipe-borne water in this study thus implies in particular the availability of clean water in adequate volume, provided through government managed infrastructure in homes or at an acceptable distance in adequate proportion, uninterruptedly and at affordable cost.
The issue today in most Nigerian cities, as is the case of Calabar Metropolis is more of a problem of access to pipe-borne water as the resource still exists in abundance in its natural state. Studies have buttressed same issue of inadequate access to pipe-borne water in developing countries and Nigeria in particular [5] [6]. Four dimensions of access such as geographic, availability, financial, and acceptability [7] were considered in this study. These dimensions which were pioneered in Penchansky and Thomas's 1981 work "The Concept of Access: Definition and Relationship to Consumer Satisfaction" [8] , have received considerable attention from planners and researchers for many years. Access in itself is a measure of the quality of a service whereas availability generally measures the presence and frequency of the service in comparison to the potential users of the same. Financial and acceptability dimensions are concerned with the cost and perception of users to the service respectively, while geographic access in this scenario is the connection to the pipe-borne water network and the friction of Nigeria as one of the ten countries home to two-thirds of the global population without sufficient access to improved water sources. Nigerians have had to resort to alternative sources of water for domestic use, including private boreholes and well-sourcing groundwater aquifers, private water vendors, and rivers in some areas. Poor access to potable water has had severe consequences for the population's health outcomes and livelihoods, with children hurt the most as more than 97,000 Nigerian children die every year from diarrhea caused by unsafe water and poor sanitation [9] .
Access to water in Calabar Metropolis has been hampered by institutional and physical problems. These issues cripple the availability of the essential commodity and leave residents resorting to alternative sources of water. The [10] showed that the problem of distribution and access is also visible and compounded by the inclusion of fringes such as Atimbo-Akpabuyo, 8-Mile, Adiabo, etc., around the city which has joined the jurisdiction of the main utility. By so doing, the menu of service available to residents of such semi-urban areas is drastically reduced, worse than the sporadic services offered to the city residents. 8˚18'00"E to 8˚24'00"E and Latitudes 4˚54'00"N to 5˚04'00"N and is located in the southern part of Nigeria. In 1991, the population of the city was 328,878 and a projected population of 529,362 in 2015 using a growth rate of 2.54 [11] .
Literature Review
In view of the complexity of studying access to social services such as pipe-borne water, there is need for a holistic study that would consider all the dimensions of access to the service unlike most earlier studies [12] buttressed by the fact that some literatures on access to pipe-borne water give the impression that access is synonymous majorly with geographic impedance such as [16] , a misconception that reflects the concerns of policy-makers who daily face and try to solve the problems exacerbated by the absence of water in homes. Also, in the study area and beyond, less attention has been given to spa- Despite recent reports suggesting that access to improved sources of drinking water is rising in Ghana, [17] sufficed that water access remains a daily concern for many of those living in the capital region. This was deduced in their work, "chasing for water": everyday practices of water in peri-urban Ashaiman, Ghana.
Conclusively, the research suggested that, although water priced outside of the official service provided is generally higher per unit, greater security may be obtained from smaller repetitive transactions as well as having the flexibility to pursue multiple source of water on a day-to-day basis. Also, the relationship between water accessibility, use and health in Muthara, Kenya was analyzed by [18] . A total of 44 respondents were surveyed and results showed that respondents do not have access to pipe-borne water, thus collect water mostly from springs or spring-fed rivers. Although some of these water sources were protected or improved, most others were not. [20] studied the contending issues of domestic water supply in the Metropolis. Their work investigated the various sources of water available in the area, its distribution across the various wards, its availability and frequency. Their findings revealed that increasing population has caused a serious water stress in the area and that the areas closer to the water board had more water supply than those areas that are farther away. In the same vein, [21] assessed access to potable water supply in Nigerian cities, evidenced from Yenagoa Metropolis of Bayelsa State. Their study was designed to determine households' access to potable water supply in Yenagoa, in terms of quality and quantity. They revealed that both the quality and quantity of water supply in Yenagoa were inadequate.
Further, [22] assessed access to safe water in Akure, Ondo State, Nigeria and revealed that, private hand dug wells were the major source of water supply in the city, most of which were not protected and treated and that the government at the state and local levels was not capable of satisfying the safe water needs of their citizenry especially as the relatively few water supply facilities provided by government were in a state of disrepair. On the way the public perceive access to safe and portable water supply, [12] studied the significant differences in perception on the basis of socio-demographic factors and geographical location in two major cities in Nigeria. They revealed that there were no significant differences in the way public view the issue of access to safe and potable water supply be- The Geographical Distribution of Water Supply was studied by [16] in Ekiti.
Results showed that only 37.1 percent of respondents from the northern senatorial region spent within 30 minutes to obtain water for domestic uses while in the central senatorial zone, 32 percent spent the same number of minutes and another 21.3 percent from the south senatorial district. The inference from further analyses was that those who spent between 30 minutes were those who had access to pipe borne water, bore holes and hand-dug wells close to their homes, while those who journeyed farther away and spent more time lacked the amenity in near proximity. [23] also worked on the Spatial Patterns of Residential Water
Supply Accessibility Levels in Anambra state, Nigeria. The study determined the extent of regional imbalances in residential water supply in the area using acquired data to produce clusters. Their result showed that residential water supply accessibility pattern in Anambra state is structured into 4 zones (clusters). They thus suggested an improvement in the residential water supply in various parts of the state and urgent water resources planning to address the water poverty areas identified in the study.
In Calabar Metropolis, [24] carried out a cost analysis of domestic water supply and deduced that unconnected households spend a monthly average of between 9.3 USD and use 564 litres of water as against 4.5 USD and 741 litres consumed by connected residents. Further, that the unconnected households also cover distances between 250 and 500 meters far above threshold level of 100 meters to obtain the commodity for their usage. The study thus recommended an increase in water pipeline densification across the city, reduction of tariff charged consumers and the provision of additional stand-pipes at strategic locations to make the service rendered by municipal water board more sustainable.
In the same vein, [25] To achieve the target of the Millennium Development Goals in respect of also proposed a consideration of population growth and increased standard of living in projecting water demand and public enlightenment against reckless use of water after assessing the nature of portable water supply and demand in Jema
LGA of Kaduna state, Nigeria and [28] recommended a reassessment of the existing pipe-borne water network to enable equitable water supply for the Calabar populace after modelling pipe-borne water distribution in Calabar Metropolis using Epanet simulation tools.
Consequent to these reviews; cost of water, increasing population, regional imbalances in supply, unavailability of pipe-borne water connection, intermittent supply, far distance to water source and distribution lapses impede on citizen's access to pipe-borne water and as a result, diminishes access in households.
This is geared by the government's lackadaisical attitude towards provision of water for populace. In Nigeria, while some State governments still put efforts to achieve their mandate of providing portable water, some others have left the burden for the citizens to bear alone. A burden too heavy to bear.
Materials and Methods
This study was based on both primary and secondary sources of data. Primary data was sourced through the use of structured questionnaires that aided in collecting attribute data to answer questions on access to pipe-borne water in the Metropolis and spatial data acquisition with the use of a handheld Global Positioning System (GPS), to locate and ground-truth every questionnaire administration location acquired from the georeferenced Landsat imagery of the area. To determine the sample size for the study, the population of Calabar South and the Municipal LGA of 1991 given by the NPC was projected to 2015 using the population growth rate of 2.54 percent per year. To make the sample size adequate for the sample population, more than one sample was taken from each sample location, such that in locations that had only one household, one sample was taken and at locations with more than one household, two samples were taken. By so doing, a total of 614 respondents were sampled at the end of the field work using the systematic random sampling technique, specifically the systematic point sampling technique which is an areal method of combining ran- Data analysis for this study incorporated both descriptive and inferential statistical tools. Firstly, socio-economic, property and water use characteristic of respondents were analysed using descriptive tables showing frequencies and percentages. The multi-nomial logistic regression model was used to deduce how the four dimensions of access contribute in explaining access to pipe borne water and to find out the dimensions that were more significant in explaining access to pipe-borne water in the area. Here, the dependent variable was the quality of access to pipe-borne water while the explanatory variables; the four dimensions of access (availability, acceptability, geographic and cost). Chi-square tests were also used to infer the relationships between household size and volume of water used, income of respondents and volume of water used and average monthly expenditure on pipe-borne water by respondents and their income.
In-between, GIS techniques were used to create maps that showed spatial variation in availability, usage and cost of the service in the area. Resident's average monthly expenditure on CRSWBL pipe-borne water and expenditure on alternate sources, as well as the distance to these sources were also symbolized.
Results and Discussions

Socio-Economic Characteristics of Respondents
The number of persons in a particular household is a great deal to the water consumption pattern of such home. As depicted on Table 1 , as much as 56.8
respondents had between 4 and 6 persons in their household, 24.1 percent less than 3 and 19.1 percent of the respondents having more than 7 persons in their household. There was no clear cut distinction in the average income of respondents in the Metropolis, apart from the few 8.1 percent that earn a living of more than 81,000 Naira monthly. 28.7 percent of the respondents earn between 31,000 Naira to 50,000 Naira monthly and as much as 20.8 percent earn less than 10,000
Naira on average monthly. The income of individuals also has strong linkages with water use in any particular area, as water is mostly a service paid for either in monetary terms or by physical efforts, or sometimes both.
Also, as portrayed on 
CRSWBL Pipe-Borne Water Service and Utility
Analyses revealed that 48.5 percent were connected to the CRSWBL service while 51.5 percent were either disconnected or have never been connected to the pipe-borne water network. Pictured in Figure 2 is the spatial variation of the connection of residents to the pipe-borne water service in Calabar. Visibly, Wards 3, 5, 6 and 7 of the Municipality are least connected to the service, while Wards 1, 2, 3, 5, and 9 of Calabar South had the highest number of connection.
This depicts the level of geographic access to pipe-borne water in the area. The much respondents not connected to the network are either residents in new areas of the city, areas of sprawl or residencies where the service has failed, thus an outright intentional disconnection. It is worthy to note however, that, connection to the service does not invariably guarantee access to pipe-borne water.
It was also observed that pipe-borne water fell short of being the most impor- 
Varying Levels of Access to Pipe-Borne Water
To explain the level of geographic access to pipe-borne water in the area, the According to [7] , at least 30 litres of water should be available for an individual's use per day. WHO also stipulated a standard of 50 litres per person per day.
In the Metropolis, as revealed, less than 1 percent of households use less than 20 Open Access Library Journal mean there is zero relationship between the two variables. Rather, it means that there is a very weak linear relationship. A significant relationship between water use and income level, on the one hand implies that a higher income would denote more use of water. It is expected that a higher income earner would have a larger house, kitchen, more rooms and probably a car and thus would spend more on water, since more volume would be required. On the other hand, water has become so necessary that in the Metropolis, people use water no matter their financial status. Thus that a low income earner uses as much water as a high income earner, although not more. This must have been informed by the high literacy level in the area. The people are informed of the importance of water and are not limited by their resources. The health implication is that water borne diseases among the respondents were minimal with only 18.9 percent having experienced any related disease in the past few months.
I. Okon, C. G. Njoku Open Access Library Journal Financial access to pipe-borne water can be measured by residents expenditure on government provided water and what is spent on alternate sources. According to the UN (2011), the expenditure on water services should not exceed 5 percent of a household's income, such that the service does not affect peoples' capacity to acquire other essential goods and services. As derived from the field survey, 31.6 percent of households spend between 1000 Naira to 2000 Naira on pipe-borne water monthly. 6.7 percent spend as much as 3000 Naira and just a little above 10 percent spend less than 1000 Naira on the service. Sadly, 50.2 percent do not patronize the service thereby reducing the revenue accruable by the CRSWBL. As symbolized in Figure 5 , a number of respondents in Calabar South Wards 1, 2 and 6 as well as Municipality Wards 2, 4, 6, 7 and 8 spend above 3000 Naira on pipe-borne water monthly.
Alternatively, on an average, respondents spend so much to acquire water from other sources. Statistics from the field survey showed further that 53.1 percent of households spend as much as 2000 Naira monthly to buy water from privately operated boreholes in their neighbourhoods. Another 19.5 percent spend between 2000 Naira and 3000 Naira due to higher demands. The map presented in Figure 6 shows that some residents in Calabar South Wards 3, 4 and 5 spend more on acquiring water from sources different from CRSWBL, spending as much as 4000 Naira monthly. Expenditures on pipe-borne water and other water sources showed obvious differences. More residents spend more to acquire water from other sources. This is so because the government provided water is known to be cheaper than the privately operated sources owned by capitalists whose major aim is to make profit. It is worthy to note that some residents travel with vehicles, tricycles or other automobile means to acquire water, thus increasing the expenses they accrue in their bid to access the resource.
No doubt, relationship exists between expenditure on pipe-borne water and income of respondents in the area. The result of the Chi-square analyses as portrayed in Table 4 shows that the Pearson Chi-square statistic = 74.491, p = 0.0 < 0.05. Here, the variables are dependent, thus a significant statistical relationship exist between the average monthly expenditure of pipe-borne water by respondents in the Metropolis and their income. Expenditure on pipe-borne water as buttressed by the Chi-square test is influenced by the income of the residents. It is expected that since income influences the volume of water used by respondents, it would also determine the amount that would be spent on water in the In a nutshell, most respondents were very unsatisfied with the pipe-borne water service. A summary of the overall quality of access as perceived by the respondents revealed that 87.3 percent of households surveyed think pipe-borne water is inadequate and needs to be improved upon. Only 0.5 percent were of the notion that the service is very adequate while 7.2 percent argued that it was very inadequate. In the same vein, 88.8 percent representing 545 of the respondents would not pay more even if the service is improved while 11. Following the revelation that the overall access to pipe-borne water in the Metropolis was inadequate after specific assessments of the presence, frequency, quality, and cost of the service, it becomes necessary to find out how the four dimensions of access contribute in explaining access to pipe borne water and which dimensions play the most significant role in explaining the overall access to the service in the area. The result returned by the multi-nomial logistic regression as shown on Table 5 revealed that the final model has a combined effect which is significant, χ 2 (30) = 93.455, p = 0.00. Thus a conclusion that a combined effect of the model of availability, geographic, financial and acceptability significantly contributes in measuring access to pipe-borne water in the Calabar Metropolis. However, as shown on Table 6 , in as much as a combined effect of all the dimensions contributed in explaining access to pipe-borne water in the area, availability and financial dimensions fared better with significant alpha values of 0.031 and 0.001 respectively. This implies that connection to the service and presence of water was deemed somewhat manageable by the residents, whereas more concern should be given to the frequency of supply and cost of the service.
Conclusions
The study investigated access to pipe-borne water in Calabar Metropolis. A hand-dug wells and streams. There were also spatial variation in the connection to the service, supply, consumption and expenditure on the pipe-borne water service in the area. Connection to the service showed not to guarantee access and the overall quality of access as perceived by the residents was revealed to be poor and the need for an improvement in the service was emphasized.
More precisely, an assessment of the relationship between the volume of water used by residents and their income level showed that both variables were statistically related. This dependency was also noticeable in the assessment of existing relationship between expenditure on pipe-borne water and income of respondents. However, the assessment of pipe-borne water use versus household size proved insignificant. Additional, while initial results showed insufficiency in the water board service, revelations from the analysis pointed out that a combined effect of the regression model of all the dimensions significantly contribute in measuring access to pipe-borne water in the Metropolis and availability and financial dimensions fared better in explaining access to the service in the area.
In view of the findings from this study, it becomes evident that the Nigerian government and the administrators of Calabar metropolis need to intensify efforts in her mandate of provision of water to urban and rural areas as people are not satisfied with the service and have sought to alternate sources of water with some travelling more than the permissible distance to acquire water. Municipal water provision is a communal trust of common wealth, upon which every citizen relies and draws for prospects and day to day socio economic opportunities.
Recommendations
On the shoulder of the government lies the major burden of making pipe-borne water accessible to the dwellers rural and city dwellers. The administrators of Calabar metropolis and the Nigerian government at large must emulate the developed world in its provision of water through increasing access to portable water by locating, developing and managing new sources, especially by turning to more sustainable options such as reuse of waste-water, while continuing to use older methods and improve on water distribution which is a very vital aspect of making water accessible to the populace.
CRSWBL should not only increase the volume of water supplied but also ensure that more households are connected to the service and the frequency of supply up-surged. The spatial variation in socio-economic and demographic characteristics should also be considered for effective for water supply management. Care should be taken in the volume of water supplied to different parts of the Metropolis since every area has its unique attributes. The population density of the city, water needs and financial capability of residents of different areas in the city should serve as a guide to the water board for water distribution management.
Likewise, all the dimensions of access should be considered in executing pipe-borne water services. For example, when there is more focus on connecting households to the service without commensurate supply of water at affordable rates, access is impeded. Periodic studies should be carried out periodically to know where there are lapses in service provision. More concern should also be given to the frequency of supply and cost of the service as they fared better in explaining access to pipe-borne water in the study area.
